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COMBINATION HORN AND DIRECT
RADIATOR LOUD-SPEAKER

A Complete Description of the 64-A Unit

By H. F. OLSON and R. A. HACKLEY

Reprinted through the Courtesy of Proceedings of the I. R. E.

electrical variations into the

corresponding acoustical vi-
brations over a wide irequency
range is, in general, restricted by
practical limitations. The two ex-
treme ends of the audiofrequency
range are the most difficult to re-
produce with high efficiency. Low
efficienicy at the high frequencies
is primarily the result of the in-
herent mass reactance of the vi-
brating system. Inefficiency at the
low frequencies is primarily due
to small radiation resistance. It is
quite well known that o mass con-
trolled diaphragm, driven by «
constant force and mounted in an
infinite baffle radiates the same
energy for all frequencies below
the ultimate impedance. However,
when such a system is located in
a small baffle, three to five feet
square, or in a cabinet of the
equivalent dimensions, consider-
able attenuation occurs at the low-
er frequencies due to a loss in
acoustic resistomce incurred by
circulation from front to back. The
response of a practical system
mounted in a cabinet is further
modified by various resoncnces
of the enclosure, stiffness of the
suspension, etc.

Number of Methods

There are a number of methods
available for obtaining reasona-
bly good efficiency at the lower
frequencies when the system is
mounted in a small baffle or cab-
inet. A large radiation resistance
may be obtained by using o large
diophragm or cone. A tortuous
path or labyrinth coupled to the
back of the cone provides another
method 2 for increasing the radi-
ation resistance by introducing «

THE efficient transformation of

* Decimal classification: R365.2. Original
manuscript received by the Institute, Sep-
tember 9, 1936.

']. S. High, U. S. Patent 1,794,957. Filed
1927, Westinghouse.

*Benjamin Olney, “Jour. Acous.
Amer."”, vol. 8, no. 2, p. 106, (1936).
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long path between the front and
back of the cone. A horn may be
used to increase the radiation re-
sistance presented to a diaphragm.
The use of a horn makes it pos-
sible to obtain a large ratio of
radiation resistance to reactance
in the vibrating system at the low-
er frequencies.

Among the methods referred to
above it may be shown that the
horn is particularly suitable for
use in a wide range loud-specker
system. Smooth response ond
wide directional characteristics at
the high frequencies may be ob-
tained by employing o cone of
small diameter. Of course, a small
diaphragm operating as o direct
radictor is not suitable for low-fre-
quency reproduction beccuse of
the limited power output and the
large ratio of reactance to radia-
tion resistance as well as a large
ratio of reflected electrical impe-
dance to the impedance of the vi-
brating system. By coupling o
horn of suitable impedance to a
small diameter cone good effi-
ciency may be obtained at the
low frequencies. The effective ra-
diation resistance of a small cone
and horn is equivalent to a large
cone. It does not have the unde-
sirable features of a large cone,
such as equal radiation from both
sides, resonance phenomena when
mounted in a cabinet, and «a
heavy vibrating system.

Wide Range Loud-speaker

From the above discussion, it
follows that a wide rcnge loud
speaker may be built consisting
of a long horn! coupled to one
side of a small dynamically
driven diaphragm or cone for the
reproduction of low frequencies
and on acoustic filter for chang-
ing the output from the horn to
the open side of the diaphragm
for the reproduction of the mid-
and high-frequency range. )

It is the purpose of this paper
to describe a combination of «

horn and a direct radictor loud-
speaker of such a size as to be
suitable for use in radio receivers
of the console type, or for other in-
stallations in which the available
space is relatively small.

Theory

The addition of o horn to-a cone
loud-speaker provides a means of
improving the low-frequency effi-
ciency by increasing the effective
radiation resistance. A relatively
long horn is required to reproduce
efficiently «t the low frequencies.
Consequently, the horn must be
folded to incorporate o suitable
system into a cabinet of the con-
ventional size. No measurable loss
due to folding occurs if the dimen-
sions at any bend are a fraction
of a wave length. For small cabi-
nets of the radio receiver and
monitoring type there is no ad-
vantage in using a horn for the re-
production of the higher frequen-
cies because the small direct ra-
diator is sufficiently efficient in the
mid- and highfrequency ronges.
Furthermore, the intensity level of
reproduction in small rooms is
considerably less than the inten-
sity level of the original sound,
and as a consequence some ac-
centuation of low-frequency re-
sponse is required. Coupling a
horn to one side of a direct radia-
tor loud-speaker provides o sys-
tem of good low-frequency effi-
ciency and makes it possible to
use a small light vibrating system
for the efficient reproduction and
distribution of the mid- emd high-
frequency ranges from the open
side.

Mechanism

A combination of a horn ond
direct radiator loud-specker is
shown in Fig. 1. The mechanism
consists of a sixinch corrugated
cone driven by om aluminum
voice coil. The back of the cone
is coupled to an acoustic capaci-
tance which, in turn, is coupled to



BROADCAST NEWS .

/
PP

MooC My

P

—_— Rz
Section B-B
A

C;

=

Equivalent Electrical Circuit
4

Equivalent Straght Axis Horn
D

Fig. 1—Combination horn and direct
radiator loud speaker.

A. Vertical cross-sectional view.

B. Horizontal cross-sectional view of
the top portion.

Equivalent electrical circuit of the
acoustical system.

Equivalent straight axis horn.

C.

D.

the throat of the homn. The equiva-
lent straight axis horn coupled to
the cone is shown in Fig. 1D. The
equivalent electrical circuit of the
vibrating system is shown in Fig.

1C.
Performance

The performance of the system
may be predicted from an analy-
sis of the equivalent electrical cir-
cuit. At low frequencies the impe-
donce of the capacitance Cs is
large compared to the impedance
Zy. Furthermore, the radiction re-
sistance of Ry of the horn is larger
than the radiation resistance R. of
the front of the cone. Therefore,
the energy is dissipated in Ry and
radiated from the horn. In the mid-
frequency range the impedance of
the capacitance €Cs and the horn
throat impedance Zj are practi-
cally the same. Furthermore, the
resistance R is comparable to the
combination of Zy and C.. In this
region radiation occurs from both
the horn and the direct radiator. At
high frequencies the impedance
of the capacitance Cs is small
compared to Zy ond the dissipa-
tion in the horn is negligible com-
pared to the direct radiation from
the cone. The above description
gives a physical picture of the
action of the direct radiator emd
horn combination loudspeaker.

The horn used in this loud-
specker, Fig. 1, has a cutoff, due
to flare of 34 cycles. The length of
the hormn is 92 inches. The mouth
area is 300 square inches. The
acoustic impedonce Zy at the
throat computed from the conven-
tional formulas? is shown in Fig. 2.

DECEMBER

1937

Expressions for the resistive and
reactive components of the air
load upon « piston in cn infinite
batfle have been derived by Ray-
leigh.# The acoustic resistance Rz
and reactance X4 characteristics
for the front side of a six-inch cone
computed from these formulas are
shown in Fig. 3.

The acoustic reactance of the

air chamber behind the cone is
given by
X 2= —
(DCQ
where,
© = 2« f

f =frequency, cycles per sec-
ond,

v
Co=

, acoustic capacitance,
pe’

V = volume of the chamber,
cubic centimeters,

p=density of air, grams per
cubic centimeter,

¢ =velocity of sound, centi-

meters per second.

The reactance characteristic of the
air chamber is shown in Fig. 3.
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Fig. 3—Acoustic impedance character-
istics of the system depicted in Fig. 1.
Rp = acoustic resistance at the throat
of the horn.
R: = acoustic resistance due to the air
load upon the front of the cone.
XiC = acoustic reactance due to the

mass of the cone and voice coil.

X:4 = WM: = acoustic reactance due to
the air load upon the front of the

cone.

X. = acoustic reactance of the capaci-
tance due to the volume behind
the cone.

Xis = acoustic reactance of the cone
suspension system.

Zg = acoustic impedance due to the

electrical circuit.
Note: X» and Xig are negative.

The acoustic reactomce of the
cone and voice coil is given by

wnt
X1C s

_OJMl

A2

~

where,

@

m = mass of the cene and

voice coil, grams,

A —=area of the cone,

square centimeters,

N N

M = inertomce of the cone

C Az

and voice coil.
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The acoustic reactance

of the suspension system

is given by

1

4 4 S 7 8 9 /0%
FREQUENCY

3 4 5

2
IN CYCLES PER

Fig. 2—The acoustic impedance char-
acteristic Zy at the throat of a horn
having a cut off due to flare of 34
cycles, a length of 92 inches, and a
mouth area of 300 square inches. Ry
= resistance component. XH = re-
active component.

3QOlson and Massa, “Applied Acoustics,”
p. 188, P. Blakiston's Son and Co., Phila-
delphia, Pa.

*Rayleigh, “Theory of Sound,” Vol. II, par-
agraphs 278 and 302, Macmillan, New
York, N. Y.
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where,

S — stiffness of the suspension
system, dynes per cent-
meter,

C, = acoustic capacitance of the
suspension system.

The acoustic reactance character-
istics of the mass and suspension
stiffness of the cone are shown in
Fig. 3.

(Continued on Page 14)
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(Continued from Page 9)

The acoustic impedcnce due to
the electrical impedonce of the
vacuum tube cand voice coil re-
flected into the acoustic system is

where,

B = flux density in the air gap,
gauss,

| = length of the conductor, cen-
timeters,

Z — electrical impedance of the
vacuum tube ond voice
coil, ohms.

The acoustic impedcmce char-
acteristic Z g of the vacuum tube
cand voice coil is shown in Fig. 3.

Expressions for the impedance
characteristics of the important
components of the vibrating sys-
tem have been stated in the pre-
ceding discussion. The character-
istics for a certain set of constants
are shown in Figs. 2 and 3. By
means of the equivalent circuit
and the impedance characteristics
the performance of the loud speak-
er may be computed.

In the overlap region where the
output changes from the horn to
the direct radiator it is important
that the phase of the output from
the front of the cone and the horn
be the same. The choice of con-
stants for the correct phase may
be determined from a theoretical
analysis.

TH& power output characteristic
of the loud-speaker computed
from the equivalent electrical cir-
cuit and the characteristics of
Figs. 2 and 3 is shown in Fig. 4.
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Fig.4—Power oulput characteristic of
the loud-speaker of Fig. 1 computed
from the equivalent electrical circuit
and the characteristics of Figs. 2 and 3.

BROADCAST NEWS .

It is interesting to note that in spite
of the large variations in the horn
impedance at the lower frequen-
cies the output is quite uniform.

In the range above 600 cycles
the action is the same as that of
a conventional direct radiator
loud-specker. The radiation resist
ance attains its ultimate value at

2500 cycles and remains constant

above this frequency. In the case
of a mass controlled system the
velocity is inversely proportional
to the frequency cnd consequently
the output falls off with frequency
above the frequency of ultimate re-
sistance. By employing a suitably
corrugated cone the effective mass
may be reduced and constant out-
put maintained in the region in
which the radiation resistance is
a constomt. With an aluminum
voice coil and a sixinch corru-
gated cone reasonably uniform
response may be maintained to
7000 cycles. If it is desired to ex-
tend the range a double voice
coil?%7 may be used to maintain
constomt output to 12,000 cycles
and above.

Description of Combination Horn
and Direct Radiator

The speaker mechcnism used in
the combination horn and direct
radiator shown in Fig. 1 consists
of a sixinch corrugated paper
cone with an aluminum voice coil.
The cone has a leather outside
suspension, and a solid izarine
center suspension. The airgap
flux density is 12,000 gauss with
ten watts field dissipation. A fre-
quency response curve taken on
the axis of the speaker mounted
in a flat baffle is shown in Fia. 5.
curve C.

The folded horn used in this
combination is equivalent to «
straight axis exponential horn
having a mouth area of 300
square inches, a throat area of 16
square inches, and a length of 92
inches. The throat area was
chosen so that the surge impe-
dance at the throat of the horn
matched the combined acoustical
and electrical impedance of the
vibrating system ond its associ-
ated electrical circuit. The length

®H. F. Olson, "Proc. I. R. E.,” vol. 22, pp.
33-46; January, (1934).

S A. Ringel, U. S. Patent 2,007,746.
TH. F. Olson, U. S. Patent 2,007,748.
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Fig. 5—Experimentally determined re-
sponse characteristics.
A. Combination horn and direct radiator
loud-speaker with single aluminum
voice coil mechanism,

B. Same as A with double voice coil
mechanism.

C. Single aluminum voice coil mechan-
ism in a large flat baliile.

and mouth area of the horn were
then determined so as to give as
low a cutoff frequency as was
practical with the space available.

Fig. 1B shows a horizontal cross
section of the top portion of the
horn. The sound comes off the
back of the cone and goes into a
cavity between the back of the
cone and the throat of the horn.
This cavity serves the purpose of
providing space for the speaker
field, ond, in addition acts as an
acoustic capacitance which helps
to limit the highfrequency re-
sponse of the horn. Each of the
first four sections of the horn is
divided into two equal parts.
These eight half sections are ar-
ranged symmetrically on both
sides of the cavity. Thus, the
sound, in passing from the cavity
to the fifth section of the horn, fol-
lows two parallel paths. The fifth,
sixth, cnd seventh sections of the
horn occupy the space directly
below the top portion of the horn
described above, as is shown in
Fig. 1A. The sound paths through
the various sections of the horn
are shown by the broken lines on
Figs. 1A and 1B.

The over-all dimensions of this
combination specker are: 27Y%
inches wide, 15 inches deep, and
30Y% inches high. )

A photograph of a commercial
design® of this loud-speaker is
shown in Fig. 6.

Performance Characteristics

An over-all measured response
frequency characteristic of the

®The commercial design of the loud-
speaker shown in Fig. 5 was carried out
by ]. Vassos and J. D. Seabert.



















20

BROADCAST

NEWS . DECEMBER, 1937

DIRECTIONAL ANTENNAS

A Development of Analytical Methods Applicable to
General Problems in Array Design

DR. G. H. BROWN

Reprinted through the courtesy of Proceedings of the L R.E.

IV. Two Driven Antennas (Cont.)

It now seems desirable to dis-
cuss a numerical example in
order to illustrate the theory we
have outlined. Let us suppose we
are confronted with the following
problem. The service area of a
certain radio station is split into
two parts. The most importemt part
of the service area lies due south
of the tremsmitter site, while the
area of secondary importance lies
due north. It is desired to operate
on a power of 500 watts with o
directional antenna which will do
three things; namely, suppress the
radiation in the direction of om-
other station on the same fre-
quency assignment lying 500
miles due east of our station, send
as much signal as possible to the
south in a broad beam, and give
a signal ot least equivalent to 500
watts in the northern direction.
We wish to know the electrical
" constants of the array as well as
the radiation cheoracteristics.

Then, by various devious means,
we decide to use an array of two
antennas, one-quarter wave tall,
and separated a quarter wave
length. The antennas lie on «a line
which runs due north and south.
Antenna 0 is the northernmost an-
tenna. The antennas are to be so
excited that the current in the
south antenna is 67.0 per cent of
the current in the north cmtenna.
The current in the south omtenna
lags the current in the north an-
tenna by 160 electrical degrees.

Then, from (24),
IL=MI,/ +a
= 0.67Iy / — 160 degrees

(54)
M = 0.67 (55)
o = — 160 degrees. (55)

The selfresistemce of each om-
tenna is 36.6 ohms while the re-
actance is +21.25 ohms.

To determine the reactance
which will appear at the termi-
nals of each antenna when the
array is in correct adjustment, we
turn to Figs. 13 and 14 and find

(Xo — Xo0) sr—1 = + 6.5
(X1 — X11) =1 = + 20.2.

From (38) and (40),

Xo = 0.67 X 6.5 4+ 21.25
= -+ 25.6 ohms

20.2

Xy = 4+ — 42195
0.67

= -+ 51.35 ohms.

Thus we see that it would not be
proper to resonate the antennas
individually without due consid-
eration to the coupling effects.

In the same fashion, from Figs.
11 and 12,

(Ro)ﬂ[:l =125 Oth
(R1) 3r—1 = 22.5 ohms.

Then from (37) and (39),

Ry =0.67 [12.5 — 36.6] J- 36.6
= + 20.5 ohms
1
Ry =——122.5 —36.6] + 36.6
0.67
= - 15.5 ohms.

The total power (500 watts) is
20.51,> + 15.51;2 = 500.

Since | Iy ]| = 0.67| Iy |

1,2[20.5 4+ 15.5 X 0.672] = 27.45]2

= 500
500
I, = ——— = 4.27 amperes
27.45

I, = 2.86 amperes.

The power fed to each cntenna
is,
Py = 4.27% X 20.5 = 373.0 watts
P, = 2,862 X 15.5 = 127.0 wtts.

We are now ready to calculate
the distribution patterns by means
of (26). In (26), the electric intensity
is given in volts per centimeter
when the distance, ry, is measured
in centimeters. If we measure ro
in miles and change the constamt,

60, to 37.25, our answer is then ex-
pressed in millivolts per meter.
Then when ry is one mile, (26) be-
comes

Fy = 37.251,Kf(8)
2rd

sin 6§ cos ¢ :l
(67)

[1 4+ M La—
But,
Iy = 4.27 amperes

K 1.0 for a quarter-wave
ontenna

f(8) = cos (90° cos 4) /sin §
M = 0.67
o= — 160°

2nd -
= — radians = 90°.
A 2

Then (57) becomes

159.0 cos (90 6
Fo(mv/m) = (90 cos 9)

sin 4
[1 4 0.67 1 — 160°

— 90 sin 6 cos ¢] (58)

159.0 cos (90 cos §)
Fy(mv/m) =

sin 4

V1.449 + 1.34 cos (160
-+ 90 sin 6 cos ¢).

(59)

XS
A
N
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ORIZQNTAL RADIATION
PATTERN Mv/m AT ONE MILE
POWER = 500 WATTS

Fig. 17

Fig. 17 shows the horizontal
plane distribution characteristic
obtained from (59) by setting 6§ =
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90 degrees, and letting ¢ take on
values from zero to 360 degrees.
The broken circle indicates the
value that would be obtained with
a power of 300 watts in a single
quarter-wave cntenna.

Fig. 18 shows the vertical radia-
tion patterns in a vertical plane
which coincides with the line of
antennas. The broken curves care
again the values obtained from o
single ontenna operating under
the same power. [t is interesting
to see that the ground signal is

DECEMBER
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1
M =—.
M (62)

Then (60) becomes

V1 4+ (M)2 -+ 2M° cos (o
— %d sin 0 cos ¢)

increased with the directional ar-
ray, while the high angle radia-
-tion, which causes fading, remains
equal to or less than that obtained
from a single antenna.

Fig. 19 is the vertical radiation
pattern in the direction of the sta-
tion to be protected. It is to be
noted that the signal in this direc-

(63)
and (61) becomes
VP
If'=— .
\/36.6(1-M'2) + 2M'R,, cos o
(64)
—————l’ NORTH
VERTICAL RADIATION PATTERN
(My/m AT ONE MILE)
POWER 500 WATTS
Fig. 18
Substituting (62) in (64),
P
IO’: \/
V 36.6 ! 2
6. I+— )+ cos o
()t
M~N/P
/366110 F 2R, M cos o
(65)

tion is the same as would be ob-
tained with 125 watts in a non-
directional antenna.

2 .

WA’ oN

N N\
NV,
50 100 150

VERTICAL RAPIATION PATTERN
(My/m AT onE MILE)
POWER =500 WATTS

Fig. 19

In (57), the shape of the dio-
gram is determined by the term

2nd

[1—|—MAOL— sin@cosgb}
L

=1+ M?> 4+ 2M cos (o

— kd sin 6 cos ¢). (60)

The scale is determined by the
magnitude of I,. From (43), I, is
given as B

\/P

\/36.6(1-CM2) 4 2MR,, cos o
61)

[y =

The shape and size of the dio-
gram is determined by the pro-
duct of (60) and (61).

Let us now choose a new cur-
rent ratio, M, of such a value that

Making the same substitution in
(63) vields

1
—V/1 + M? 4- 2M cos (a
M

— kd sin 6 cos ¢).

(66)

Thus the product of (65) and (66)
is identical with the product of (60)
and (61). We thus arrive at the
conclusion that the radiation pat-
tern will be unaliered in size or
shape when the current ratios are
interchanged. That is, the condi-
tion

Tl :fl/.[fo / + o

will yield the same result as the
condition

1
L=—1T) £ + o
M

Let us now see how our termi-
nal conditions are altered in the
example we have been consider-
ing.

From (65) we see that now

Iy, = 2.86 amperes

21

and,
I, = 4.27 amperes.
Then,
R, = 0.67[22.5 — 36.6] - 36.6
— 27.18 ohms '
and,

P; = 4.27% X 27.18 = 495.0 watts
while.

1
Ry = — [12.5 — 36.6] 4~ 36.6

0.67
= 0.61 ohms

and,
Py= 2.86% X 0.61 = 5.0 watts.

Thus we see that a very small
amount of power will be fed into
antenna 0. In fact, it is so small
that we need not feed this an-
tenna at all but can simply oper-
ate it as a parasitic reflector by
properly tuning it.

V. Muliielement Driven Arrays

The two-element arrays are lim-
ited in use since the horizontal
space pattern is  symmetrical
about the line of antennas. Fur-
thermore, we say that it was not
possible to increase the field
strength more than ninety per cent
over that obtainable with a single
antenna. [t is often desirable to
use more than two cntennas to
distort the pattern in a variety of
ways when more than one station
is to be protected. In shortwave
practice, a number of elements
are used to concentrate the en-
ergy in narrow beams.

The method of attact will be
illustrated by an example. Sup-
pose that a station, ot present
operating on a power of 500 watts,

(Continued on Page 22)

0.65 X

|-'— 0.2252
|

Fig. 20
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A REVIEW OF BROADCAST ENGINEERING

Articles in Leading Publications, July-September, 1937

ACOUSTICS

Relation Between Loudness and Masking,
by H. Fletcher and W. A. Munson, Jour.
AS.A., July 1937, Pg. 1.

Development of a quantitative relation-
ship between loudness and masking, which
provides « formula for calculating the loud-
ness of sound.

Notes on Some Practical Comparison Tests
Made Between Several Acoustic Measure-
ment Methods, by E. T. Dickey, IRE Proc.,
Sept. 1937, Pg. 1136.

Account of an interesting experiment in
which a radio receiver was successively
shipped to five different laboratories in
each of which it was subject to overall
acoustic measurements. The various meth-
ods used and the divergence in results
obtained form an interesting comment on
one of the problems of audio reproduction.

ADVANCE DEVELOPMENT

Some Fundamental Experiments With Wave
Guides. by G. C. Southworth, IRE Proc., July
1937, Pg. 807.

A detailed description of the methods
and procedures employed in identifying
the various types of guided waves and
determining some of the fundamental prop-
erties. Emphasis on methods and appa-
ratus as contrasted to theoretical develop-
ment in previous papers on guided waves.

ALLOCATION

Addition of 11 New Stations Brings Total
for Year to 31, Broadcasting, July 15, 1937,
Pg. 26.

New stations licensed during first week
of July.

ANTENNAS

Some Factors in the Design of Directive
Broadcast Antenna Systems, by W. A,
Duttera, RCA Review, July 1937, Pg. 81.

Qutline of an unusually clean-cut method
of computing directional antenna perform-
ance. Two- and three-element arrays are
considered in detail, and the effect of high-
angle characteristics discussed.

Directional Array Field Strengths, by A. R.
Rumble, Electronics, Aug. 1937, Pg. 16.

Another method of computing the per
formance of directional antenna arrays.

The Use of Coaxial and Balanced Trans-
mission Lines in Filters and Wide-band
Transformers for High Radio Fregquencies,
by W. P. Mason and R. A. Sykes, The Bell
System Tech. jour., July 1937, Pg. 275.

An extended discussion of the use of
transmission lines as selective filters and
low-loss transformers in high frequency cir-
cuits—as, for instance, in the circuit used
to connect @ short wave transmitter-receiver
system to a dual-purpose antenna.

Reviewed by
]J. P. TAYLOR

MEASUREMENT

Amplifier Measuring Technique, by E. F.
Keirnan, Electronics, July 1937, Pg. 18.
A general discussion of methods of
measuring the frequency response of cqudio
transformers and of computing the per-
formance under working conditions.

Portable High-speed Level Recorder, by A.
W. Niemann, Comm. & ‘Broadcast Eng.,
July 1937, Pg. 15.

Discussion of the operation of an equip-
ment designed to enable rapid recording
of levels—as, for instance, of the frequency
response of an amplifier or similar equip-
ment.

A. F. Curve Tracing With an Oscilloscope,
Service, July 1937, Pg. 412.

A method of visually observing the fre-
quency response of an amplifier or other
equipment. A long-persisiance screen is
used so that several curves made succes-
sively can be viewed superposed on each
other—a valuable feature in making ad-
justments affecting frequency response.

Croastalk Measurements, by R. S. Alford,
Bell Lab. Record, Aug. 1937, Pg. 377.

Brief resume of methods used to measure
crosstalk on land lines.

POLICE

Indiana’s Police-Radio System, Communi-
cations, Sept. 1937, Pg. 22.

Non-technical description of facilities of
Indiana State Police system. Layout of sta-
tions is given.

POWER SUPPLIES

B 300-KW Grid-Controlled Rectifier, by ].
M. Willems, Comm. & Broadcast Eng., July
1937, Pg. 5.

A brief note on the 20,000 volt grid-
controlled mercury-arc rectifier recently
placed in use by RCA Communications at
Rocky Point.

Voltege Regulators Using Magnetic Sat-
uration, by K. J. Way, Electronics, Jjuly
1937, Pq. 14.

A general discussion of the use of sat-
urated transformers and reactors as a
means of obtaining constant voltage.

Battery Performance from the R.A.C. Power
Supply, by G. Grammer, QST, Aug. 1937,
Pg. 14.

Voltage requlator circuits satisfactory
for use with speech input and similar
equipment.

PROPAGATION

Characteristics of the lonosphere and Their
Applicction to Radio Transmission, by T. R.
CGrilliland, S. S. Kirby, N. Smith, and S. E.
Reymer, IRE Proc., July 1837, Pg. 823.
Results of lonosphere measurement for
May 1934 to Dec. 1936—with a brief dis-

cussion of the relation of the properties of
the ionosphere to radio transmission.

Recording Ulira-High Frequency Signals
Over Long Indirect Paths, Part II, by R. A.
Hull, QST, July 1837, Pg. 10.

Description of an equipment used for re-
cording U.H.F. signals received over in-
direct paths.

Day Propagation at Medium Frequencies,
by R. M. Bell and P. S. LeVan, Comm. &
Broadcast Eng., Aug. 1937, Pg. 5.

Some experimental data on day propa-
gation in the broadcast band.

The Surface Wave in Radio Propagation,
by C. R. Burrows, Proc. of Radio Club of
Lmerica, Aug. 1937, Pg. 15.

The paper, previously published in IRE
Proc., describing experiments undertaken
to obtain accurate measurements of radi-
ated intensity under conditions for which
the Summerfeld and Weyl formulas pre-
dict different results. Results indicate that
simple antennas do not generate a surface
wave.

The Physical Redlity of Space cnd Surface
Waves in the Radiation Field of Radio
Anfennas, by K. A. Norton, IRE Proc., Sept.
1937, Pg. 1192.

A discussion which relates to the pre-
ceding paper, and which places a different
interpretation on the results obtained, and
according to the author indicates that a
so-called surface wave does, in fact, exist.

RECORDING

Performance of a Direct Lateral Recording
System, by F. W. Stellwagen, Comm. &
Broadcast Eng., July 1937, Pg. 12.

A description of a complete recording-
playback system together with curves
showing the overall performance.

Choosing the Proper Connecting Link Be-
tween the Crystal Generator and Amplifier,
by C. XK. Gravley, Brush Strokes, Aug.
1937, Pq. 4.

Brief note on the proper calculation of
impedance match between a crystal micro-
phone or pickup and the amplifier into
which it is fed.

Disc Recording, by T. L. Dowey, Communi-
cations, Sept. 1937, Pg. 11.

Some general considerations effecting
transcription recording — with particular
emphasis on studio acoustics.

SPEECH INPUT

Mixer Circuits, Part II. by A. Preisman,
Comm. & Broadcast Eng., Aug. 1937, Pg. 9.

Continuation of a comprehensive analy-
sis of mixer circuits.

Mixing Circuits for Speech Input Equip-
ment, by J. E. Tarr, Pickups, Sept. 1937,
Pg. 14.

A very excellent ireatment of mixer cir-
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